Objective-To determine whether symptom free patients with single chamber pacemakers benefit from dual chamber pacing.
Abstract
Objective-To determine whether symptom free patients with single chamber pacemakers benefit from dual chamber pacing.
Design-A randomised double blind crossover comparison of ventricular demand (VVI), dual chamber demand (DDI), and dual chamber universal (DDD) modes after upgrading from a VVI device.
Setting-Cardiology outpatient department.
Patients-Sixteen patients aged 41-84 years who were symptom free during VVI mode pacing for three or more years.
Intervention-Pacemaker upgrade during routine generator change.
Main outcome measures-Change in subjective (general health perception, symptoms) and objective (clinical assessment, treadmill exercise, and radiological and echocardiographic indices) results between pacing modes before and after upgrading.
Results-75% preferred DDD, 68%
found VVI least acceptable with 12% expressing no preference. Perceived general well-being and exercise capacity (p < 001) and treadmill times (p < 005) were improved in DDD mode but VVI and DDI modes were similar. Clinical, echocardiographic, radiological, and electrophysiological indices confirmed the absence of overt pacemaker syndrome, although mitral and tricuspid regurgitation was greatest in VVI mode (p < 0-01).
Conclusions-Most patients who were satisfied with long term pacing in VVI mode benefited from upgrading to DDD mode pacing suggesting the existence of "subclinical" pacemaker syndrome in up to 75% of such patients. The The pacemaker syndrome is a constellation of signs and symptoms arising as a direct result of ventricular demand pacing (VVI mode). ' The mechanisms of this syndrome are varied and may be the result of haemodynamic, neuroendocrine, and electrophysiological factors. 2' In most cases this syndrome can be cured by dual chamber pacing, which relieves almost all the symptoms.5 However, there are several reports of "pacemaker syndrome" occurring in dual chamber modes6 (usually explained by adverse programming of atrioventricular delay causing, in effect, ventricular asynchronous pacing).
The incidence of the pacemaker syndrome in VVI paced patients (still the predominant pacing mode used worldwide and in the United Kingdom) has been variously described as 7-25% according to the severity of intolerance of ventricular asynchronous pacing. 8 No study has yet investigated the effect of upgrading VVI devices to dual chamber pacing in apparently symptom free patients.
STUDY AIMS
To assess, by a randomised double blind crossover study the effect of dual chamber pacing in patients with no overt evidence of the pacemaker syndrome after chronic, longterm VVI pacing.
Patients and methods

PATIENTS
We studied 16 patients aged 41-84 years (mean 66-6 years, 69% male). Any patient who was largely symptom free and who felt "generally well" after chronic VVI pacing for at least three years could be enrolled. A settling in period of two weeks in the first mode was allowed after implantation and the first four week study period started immediately afterwards. After this study period satisfactory dual chamber pacing function and pacing thresholds were reconfirmed. The pulse amplitude in each chamber was then programmed to twice the pacing threshold and the sensitivity to half the sensing threshold. These variables remained unaltered for the rest of the study.
SUBJECTIVE ASSESSMENT
This consisted of three self administered questionnaires. The first used visual analogue scales to assess the perceived general wellbeing and exercise capacity. Subjects placed a mark on a 15 cm line from the discrete minimum point signifying "extremely unwell" or "inability to exercise" to the maximum point signifying "extremely well" or "unlimited exercise capacity". The result was expressed as a percentage of the distance from the minimum point to the mark divided by the length of the line." 12 The second questionnaire assessed the patient's perception oftheir functional capacity by the well validated Specific Activities Scale functional status questionnaire.'3 This grades patients from class I (unlimited physical capacity) to class IV (grossly incapacitated).
The final questionnaire assessed the incidence and frequency of symptoms of mild cardiac failure or pacemaker induced haemodynamic dysfunction that occurs in the pacemaker syndrome.' The format of the questionnaire used a quantitative score where: 1 = all of the time, 2 = most of the time, 3 = some of the time, 4 = occasionally, and 5 = none of the time. The "symptom prevalence score" (maximum 84) was calculated by the arbitrary weighting of symptoms (table 2) . A score of 25 or more was highly suggestive of the pacemaker syndrome or moderate heart failure.
CLINICAL ASSESSMENT
This was undertaken in all cases by the same clinician (NS) while he was unaware of the patient's programmed mode. The clinical examination was performed after subjective and objective assessment was completed, with patients lying supine on an examination couch with their upper torso at 45°. Table 3 shows the   Table 2 Symptom prevalence score (ii) Staircase ascent Patients had their heart rates measured by telemetry using a Hewlett Packard 78571B ECG recorder while they climbed as many stairs as they could to a maximum of five flights (each comprising fifteen steps, 15 cm tall, pitch 27 cm), as fast as possible. Heart rate was assessed at rest before the ascent and every 15 seconds for two minutes. The number of stairs ascended and the percentage change in heart rate were calculated.
RADIOLOGICAL ASSESSMENT
Chest radiographs were obtained 24 hours before the upgrading procedure, 24 hours postoperatively with the patient programmed to VVI mode, and finally after a four week study period programmed to a dual chamber mode (either DDI or DDD) chosen randomly by the assisting senior technician. These were designated as "VVI pre", "VVI post", and "Dual" radiographs respectively. After completion of the study radiographs were independently analysed by two clinicians who were unaware of the patient's name, the pacing mode, or dates of the radiographs. The cardiothoracic ratio was calculated as the widest dimension of the cardiac shadow (in centimetres) divided by the widest internal dimension of the thoracic cage (in cm) and expressed as a percentage. An arbitrary "pulmonary oedema severity score" was devised where: 0 = absent, 1 = mild, 2 = moderate, 3 = severe.
ECHOCARDIOGRAPHIC ASSESSMENT A Hewlett-Packard 77020A system with a 2-5 MHz duplex probe and a 1-9 MHz continuous wave transducer was used. Serial studies on individual subjects were carried out by the same operator to avoid inter-observer variability.
M-mode recordings were taken at conventional levels with dimensions estimated from leading edge to leading edge. '5 To ensure that the operator remained "blinded" to the pacing mode simultaneous electrocardiographic recording was not used. This meant that the left ventricular diastolic diameter was taken as the greatest dimension in diastole and the systolic diameter as the smallest dimension in systole.
Stroke volume was calculated as the product of the systolic velocity integral and cross sectional area for flow by a combined cross sectional Doppler technique. Subaortic crosssectional area was measured from inner to inner echo at the level of the annulus in a parasternal long axis frame frozen early in systole."6 The systolic velocity integral was calculated from the aortic envelope recorded from the apical position. This was averaged over five beats by triangulation (stroke volume index (SVI) = 1/2 x ejection time x V,in,). This has been shown to be equivalent to planimetry. '7 18 Pulmonary artery systolic pressure was estimated where possible from the peak velocity of the tricuspid regurgitant jet recorded by continuous wave Doppler. Pressure (p) was calculated by the formula ofBerger et al'9 where p = 6/5 x 4(V,I,.,)2. Signals lacking a clearly defined envelope were discarded.
The colour flow Doppler system was set to the same Figure 1 shows the pai "general well-being" an General well-being was,, Figure 1 Perceived general well-being and exercise capacity in the study pacing modes (see textfor details). shold map for every DDD mode than in either VVI pre mode or icket size, minimum VVI post mode, (p < 0-01). Perceived exercise B. The gain was set to capacity was similar in VVI pre, VVI post, and tat at which colour DDI modes but was significantly greater in itral and tricuspid DDD mode (p < 0-01).
Lsured by planimetry
There was no significant difference in trgest jet area, and the perceived functional status in any mode s a percentage of the throughout the study. However, specific symp-,.a.Nl tom scores were significantly lower (that is, fewer symptoms) in DDD mode than in the remaining study modes (p < 0 05, fig 2) . as mean (SD). Non- Figure 3 shows the overall preferred and rom subjective ques-least acceptable modes which were selected gue scales, and the after the end of the study. There was good Avere compared by the correlation with the preferences indicated in est while parametric the subjective questionnaires. VVI Least acceptable mode there were no significant differences between n any modes except VVI pre mode and DDD (7 4 (1.0) min and 10 9 (1 0) min respectively, (fig 2) . Mean arterial exercise tolerance in DDD mode is no longer pressure measured at rest during clinical evident in either the "good" or "poor" left ;ment did not significantly differ in any ventricle groups (p = 0-09 and p = 0-065 res-(VVI pre 103-6 (4 0) mm Hg, VVI post pectively with Bonferroni correction). 
RADIOLOGICAL ASSESSMENT
There was no significant difference in the cardiothoracic ratio at any stage of the study; (VVI pre, 49.5 (1-1)%; VVI post, 51-2 (1.3)%; dual, 50 75 (1 4)% (p = NS)). The incidence of pulmonary oedema was similar in all stages of the study (18% in VVI pre and 24% in both VVI post and dual. The arbitrary pulmonary oedema severity scores in these patients were 1-7 (0 6), [1] [2] [3] [4] [5] (0-6), and 1-0 (0-3), respectively (p = NS).
ECHOCARDIOGRAPHIC ASSESSMENT
Cardiac dimensions did not differ in any mode during the study. Left ventricular fractional shortening was similar in all modes (VVI pre, 27-9 (2-8)%; VVI post, 27-1 (2-4)%; DDI, (2-8)%; and DDD, 25-5 (2-5)% (p = NS)). Pulmonary arterial pressure was evaluable in all modes in only eight patients (50%). In this cohort there was no significant difference in pulmonary artery pressure in any mode.
The incidence of mitral and tricuspid regurgitation was less in the DDD mode but this did not reach statistical significance (Mitral regurgitation: VVI pre, 50%; VVI post, 63%; DDI, 63%; and DDD, 30%. Tricuspid regurgitation: VVI pre, 63%; VVI post, 63%; DDI, 63% and DDD, 50%). However, the extent of the regurgitant jets assessed by colour Echocardiographic data reanalysed with patients sub-divided according to left ventricular function showed no differences from combined data with the sole exception of cardiac output. In the subgroup with poor left ventricular function cardiac output was significantly greater in DDD mode (4 3 This study provides evidence that when patients without the overt symptoms of the pacemaker syndrome (most VVI paced patients) are upgraded to dual chamber synchronous (DDD) pacing they show a considerable improvement in subjective and objective indices.
Mitsuoka et al found similar subjective benefit in patients paced with dual chamber devices for sick sinus syndrome, but many of these patients had retrograde ventriculoatrial conduction and overt signs of the pacemaker syndrome when paced in the VVI mode. 28 These findings may result from the effects of the rate response offered by DDD mode but lacking in the remaining study modes except in the non-pacemaker dependent patients. However, subjective indices were worse in the VVIR mode than in the DDDR mode in patients with chronotropic incompetence-so that it seems that atrioventricular synchrony is a major factor resulting in improved patient acceptability.29
In the present study, the choice of least acceptable mode was highly dependent upon the programming sequence. Hence if VVI post was the first postoperative mode programmed, subjective scores were better than if the VVI post mode followed the DDD mode. The same was true for DDI and could explain why it was selected as the least acceptable mode by two patients and caused a request for early reprogramming in one case. (In both patients the VVI post mode was programmed before the DDD mode and the DDI mode was programmed after the DDD mode. Mode sequence had little effect on objective study indices, however. The DDI mode was little different from the VVI mode in most patients. This may be due to the lack of rate response in either mode although increased rate responsive pacing is required for less than 15% of the day during out of hospital activity.'0 Because most of the day is spent at low heart rates, when dual chamber synchronous pacing occurs in DDI mode (with the "atrial kick" exerting its most beneficial effects3") intheory thismode shouldbe haemodynamically better than the VVI mode and hence more acceptable to the patient. The most prevalent symptom in the DDI mode was "palpitations" (rather than "tiredness" in the VVI mode) and this may have been caused by loss of atrial synchrony on mild exertion as the atrial rate increased and the pacemaker, in effect, defaulted to VVI pacing. This persistent "mode switching" may be the feature that is least acceptable to most patients, and thus the DDI mode should be used only in selected patients with paroxysmal arrhythmias. 32 There was a small, non-significant increase in perceived exercise capacity and a decrease in symptom prevalence in the VVI post mode compared with the VVI pre mode. This is likely to be a placebo response resulting from the implantation of a more sophisticated device.
OBJECTIVE STUDY INDICES
Nishimura and colleagues showed considerable falls in mean arterial blood pressure in patients with pacemaker syndrome that resolved with dual chamber pacing. 3 We did not show any significant differences in any mode, probably because none of our patients had overt pacemaker syndrome.
Treadmill tests, but not staircase ascent, showed a significant increase in exercise tolerance in DDD mode compared with the VVI pre mode as has previously been shown.423 However, the staircase ascent did not exercise all patients to their maximum tolerance and thus differences were less well demarcated during this "everyday activity" stress protocol.
Exercise tolerance was greater in the VVI post mode than in the VVI pre mode (although not significantly so), partly because ofa placebo response (most subjects might have expected some improvement in exercise capability after the upgrading). There might also be a training effect between these modes, despite familiarisation with the treadmill before study induction and the randomisation of postoperative pacing modes, as all patients necessarily performed at least one more treadmill protocol in the VVI post mode than in the VVI pre mode.
Reanalysis 29 Both echocardiography and chest radiology confirmed that the cardiac dimensions did not vary during long-term pacing in any study mode. This is contrary to findings in patients with overt pacemaker syndrome, where heart failure on chest radiography (and clinically) was more often seen in the VVI than in the DDD mode.' " Although the incidence of both mitral and tricuspid regurgitation was similar in all modes, the extent of both mitral and tricuspid regurgitation was significantly less in DDD mode and was independent of left ventricular function. Valve incompetence has been proposed as a cause of the pacemaker syndrome,36 and the extent of valve regurgitation, but not the incidence, may be a factor in the genesis of "subclinical" pacemaker syndrome.
Only four of 14 patients assessed in the present study had consistent retrograde ventriculoatrial conduction and the small size of this subgroup precludes meaningful statistical analysis. Rediker et al have recently identified patients with an increase in systolic blood pressure from VVI to DDD pacing and with ventriculoatrial conduction who benefited most from dual chamber pacing.37 These findings suggest that our study population was free from the pacemaker syndrome and unlikely to benefit from DDD pacing. Despite this, most patients preferred the DDD mode and found the VVI mode least acceptable after completion of the study. Retrospective analysis of data to predict maximum benefit from dual chamber pacing in symptom free VVI paced patients was inappropriate because of disparate sample sizes. Larger patient numbers might allow such analysis.
CLINICAL IMPLICATIONS
Few studies have compared VVI and DDD with DDI mode pacing. Although patient numbers in this study were small, with each acting as their own control, the results suggest that DDI mode is subjectively and objectively similar to the VVI mode and not as good as the DDD mode. The DDI mode should therefore be used only in patients who cannot tolerate DDD pacing (because of frequent paroxysmal atrial arrhythmias).
Our data suggest that "subclinical" pacemaker syndrome occurs in nearly three quarters of symptom free VVI paced patients. Combined with the incidence of overt pacemaker syndrome in up to 20% of patients with VVI devices,' 80% of all VVI paced patients without atrial fibrillation would benefit from DDD pacing, and this effect persists even after long-term VVI mode pacing. 
